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with a single exception. There was no statistical heterogeneity among the remaining values. Results were in close agreement with published results of similar studies conducted at somewhat lower temperatures and support the practice of using a slope value (ZD) of 5.56 C for establishing time-temperature relationships for food processing. It is recommended that such a decimal reduction time curve not be extrapolated to temperatures more than 5.56 C higher than those actually tested.
Modern technology has made available many new food products, frozen, canned, or dried, both cooked and uncooked. The wide distribution of many of these products, with their increasing use for quantity service in cafeterias and large institutions, makes desirable the establishment of standards to assure that they will be bacteriologically safe, while still remaining palatable and attractive. Recent outbreaks of food poisoning have accented the need for proper processing, but there is a dearth of information on the thermal killing times of food-poisoning organisms at higher temperatures.
Recent thermal death time studies (1, 2, 4, 17) have been conducted to determine the time necessary for destruction of salmonellae and staphylococci over the temperature range from 48.9 to 65.6 C, and the results have been expressed in terms of the slope of the decimal reduction time curve for a particular organism and suspension medium. There are data derived from tubular heat exchangers for thermal destruction of several bacteria in milk at temperatures up to 81.1 C (5, 6, 14) .
The value of the decimal reduction time curve to the food processor is that, theoretically: (i) it is independent of initial inoculum concentration; (ii) its slope is assumed to be a constant value regardless of the suspending medium (10); and (iii) it may be extrapolated to temperatures higher than those actually tested. Thus, once such a curve has been established for a given organism in one medium, it is necessary only to determine the decimal reduction time at one temperature in any other medium and, using the known slope, to determine the time-temperature relationship for safe processing at other temperatures by simple extrapolation. This, of course, assumes that there is some prior knowledge of the number of contaminating organisms present initially so that a margin of safety is allowed in the process calculations.
Construction Experimental procedure. Erlenmeyer flasks (500-ml) containing 300 ml of test medium were immersed to a depth about 1.3 cm above the level of the medium and allowed to equilibrate in a thermostatically controlled water bath at the desired temperature. When equilibrium had been achieved, approximately 0.5 ml of the inoculum suspension was added to the flask (giving a concentration of 107 to 108 cells per milliliter) and mixed by swirling. Flasks were agitated by hand periodically throughout the course of an experiment. At various time intervals, 1-ml samples were removed with a pipette to cold dilution blanks or to empty tubes in a cold-water bath. Appropriate dilutions were made in 0.5% NaCl, and duplicate samples were spread on plates of Penassay Broth solidified with 1.5% agar. Colony counts were made after 48 hr of incubation at 37 C. Zero-time counts were not routinely made, since these were not essential for determining decimal reduction times.
Treatment of data. A typical survival curve was constructed from the data obtained in each experiment, and the slope was determined by the regression method. The data from three replicate experiments at 60 C and no fewer than five at each of the higher temperatures were then pooled for the calculation of an overall slope, and for an analysis of variance test tor heterogeneity among the individual slope determinations. The reciprocal of the regression coefficient obtained from the pooled data was used as the D value, or decimal reduction time, for that particular bacterial strain, test medium, and temperature. (The negative sign of the regression coefficient was ignored here, and also below.)
From these pooled D values, decimal reduction time curves were constructed for each bacterial strain in each of the test media. A regression coefficient for each curve was calculated, and its reciprocal was taken as the ZD value. RESULTS
Results of thermal resistance tests are summarized in Table 1 (15) where: K = the slope, a constant; T = exposure time in minutes; N0 = number of organisms present at beginning of time interval; and NT = number of organisms remaining at end of time interval. There was excellent agreement between slope determinations obtained by the two methods. However, the regression method was chosen, in spite of the somewhat more laborious calculations involved, since it utilized all of the information obtained in each experiment.
As can be seen in Table 1 , the D values obtained experimentally agree closely with the values calculated from the regression equations for each decimal reduction time curve. ZD values (reciprocal of b, the regression coefficient), with the exception of that for S. aureus MS149 tested in 0.5% NaCI, fell within the 10 i 2 F (5.6 ±t 1.1 C) range. No significant heterogeneity of ZD-values was found, either among the media tested or between the two bacterial genera. No corrections were made in this work for heating or cooling lag, the assumption being that the 0.5 ml of inoculating suspension would be heated essentially instantaneously when added to 300 ml of medium. Sample time intervals at the lower temperatures were long enough that the short cooling time involved would be insignifi- 
